The composition of Escherichia coli in the neonatal gut has rarely been studied in developing countries. To gain insight into the composition of E. coli in the neonatal gut and to assess factors that could influence colonization by E. coli, analysis of the phylogenetic groups and virulence determinants of E. coli isolated from the guts of neonates in a tertiary care hospital was carried out. The distribution of the phylogroups of 124 E. coli isolates recovered showed that phylogroups A (23 %) and B1 (49 %) accounted for 72 % of the isolates. Isolates of the phylogenetic group B2 were rare (8 %). Virulence factors were also rare with the exception of aerobactin (iucC), which was detected in 45 % of the isolates and was significantly associated with phylogroup B1. Multinomial logistic regression established that colonization with phylogroup B1 was associated with a stay in the neonatal intensive care unit; phylogroup A was associated with a stay on the ward; and phylogroups B2 and D were associated with neonates delivered vaginally. Evaluation of the effect of different E. coli phylogroups, with and without identified virulence determinants, on the gut of neonatal mice showed histopathological changes in the mucosa. The severity of the changes could be correlated with the presence of virulence determinants, irrespective of the phylogroup.
INTRODUCTION
Escherichia coli is one of the first organisms to colonize the neonatal gut. This versatile organism is capable of being a widespread gut commensal and an efficient pathogen causing both intestinal (diarrhoea) and extraintestinal (urinary tract infection, meningitis and sepsis) diseases (Kaper et al., 2004) . Whole-genome sequencing of pathogenic and commensal E. coli also suggests that the organism is a 'generalist', having the genetic potential to be a commensal or a pathogen (Rasko et al., 2008) .
The E. coli population is often differentiated on the basis of four major phylogenetic groups: A, B1, B2 and D (Clermont et al., 2000) . E. coli belonging to the four phylogenetic groups comprise both commensals and pathogens. Although virulence determinants are considered to be mobile, a link between strain phylogeny and virulence has been reported (Picard et al., 1999) . Virulent extraintestinal strains belong mainly to group B2 and, to a lesser extent, group D, whereas most commensal strains belong to groups A and B1. Virulence determinants are often carried by strains of phylogenetic groups B2 and D, and are lacking in strains of groups A and B1 (Johnson et al., 2001; Picard et al., 1999) .
Various factors, both from the host and the environment, shape the genetic structure of commensal E. coli (Gordon & Cowling, 2003; Gordon et al., 2005) . While there have been studies of gut colonization with E. coli in adult populations and in developed countries (Nowrouzian et al., 2005) , only a few studies have looked at the distribution of phylogroups and virulence factors in neonates in developing countries (Nowrouzian et al., 2009) . In addition, studies have shown that most E. coli that cause extraintestinal infections originate in the gut (Bailey et al., 2010) . Studies from our laboratory have also shown an association between colonization of the neonatal gut with Gramnegative bacilli and the occurrence of sepsis (Das et al., 2011) .
As the process of colonization starts during the neonatal period and may have subsequent consequences later in life, it is important to study and identify the different phylogroups of E. coli and their virulence factors that colonize the gut during the neonatal period. The virulence factors screened in this study comprise adherence factors, toxins, iron-capture systems and invasins, and can disseminate via horizontal gene transfer. An attempt was also made to identify factors that might predispose neonates to colonization of the gut with a particular phylogroup of E. coli. In addition, to understand the effect of colonization of the neonatal gut with different phylogroups on the intestinal mucosa, E. coli of groups A, B1, B2 and D with and without virulence factors were orally administered to neonatal mice and histopathological analysis of the gut mucosa was carried out.
METHODS
Study setting. Faecal specimens were collected from neonates admitted to a tertiary care hospital (IPGMER & SSKM Hospital, West Bengal, India) during 2007. These neonates were recruited to participate in a prospective study to analyse the role of neonatal gut flora in sepsis (Das et al., 2011) . Faecal specimens that were collected during days 3-7 of life for the earlier study were analysed.
Microbiological analysis of the neonatal gut samples. All the faecal specimens were cultured on MacConkey agar (Difco Laboratories) and different lactose-positive colonies were randomly selected for further analysis. Standard biochemical tests followed by the ID32E system (bioMérieux) were used to identify the isolates.
All neonates whose stool specimens collected during days 3-7 of life yielded E. coli were included in this study. Only one representative E. coli colony was analysed from each neonate. A total of 124 E. coli isolates were obtained from the faecal specimens of 124 neonates.
Triplex PCR for phylogenetic classication of E. coli strains.
Phylogenetic classication was performed with a two-step triplex PCR and analysed accordingly (Clermont et al., 2000) .
Profiling of virulence genes. Haemolysin (hlyA), type S pili (sfa), type P pili (papC), cytotoxic necrotizing factor 1 (cnf1), invasion of brain endothelium factor (ibeA), aerobactin (iucC) and iron uptake/ transport (iroN E. coli ) were identified by PCR according to previously described conditions (Chapman et al., 2006; Johnson & Stell, 2000; Kuhnert et al., 1997; Watt et al., 2003; Yamamoto et al., 1995) . The E. coli isolate BEN 2958 (gift from Dr P. Germon, Laboratoire de Pathogénie Bactérienne, France) served as positive control for ibeA. PCR products (two isolates for each gene) were sequenced to confirm the identity of the respective genes. Histopathological analysis. Tissue samples (2 cm in length) from the intestines of the killed mice were collected and placed in 10 % neutral-buffered formalin for histopathological analysis. Tissues were embedded and processed in paraffin following the standard protocol, stained with haematoxylin and eosin and examined by light microscopy. Samples were coded and examined in a blinded fashion. Pathological changes in the gastrointestinal surface were noted and scored.
Statistical analysis. Data were randomly checked and matched to derive consistency and validity. The edited data were finally analysed using SPSS version 19.0.
Inferential risk factors for colonization of the neonatal gut by different phylogenetic groups of E. coli were explored using multinomial logistic regression (Hosmer & Lemeshow, 2000) and the association of virulence genes with the phylogroup was evaluated using a x 2 test. P values ,0.05 were considered significant.
RESULTS

Distribution of phylogroups and virulence genes among E. coli in the neonatal gut
The distribution of E. coli phylogroups isolated from the faecal samples (n5124) was as follows: A, 23 %; B1, 49 %; B2, 8 %; and D, 20 %. Phylogroups A and B1 accounted for 72 % of the isolates. Isolates of phylogroup B2 were rare (10/124, 8 %).
Isolates were investigated by PCR for the occurrence of virulence genes (Table 1 ). The distribution of the different combinations of virulence genes identified in the four phylogroups is presented in Fig. 1 . Aerobactin (iucC) was the most common (45 %, 56/124) virulence factor identified. This gene was significantly associated with the B1 phylogroup (odds ratio 2.76, 95% confidence interval 0.96-8.10; P50.035) compared with phylogroup A; all other associations were insignificant. The other virulence factors arose infrequently and hence were not tested for associations.
The four phylogroups had varying proportions of the different genes (Table 1 , Fig. 1 ). Of the A, B1, B2 and D phylogroups, 32, 59, 80 and 56 %, respectively, had at least
Composition of E. coli in the neonatal gut one virulence factor. However, only 7 % of phylogroup A, 13 % of phylogroup B1, 70 % of phylogroup B2 and 20 % of phylogroup D possessed at least two virulence genes. Overall, 18 % of isolates harboured at least two virulence factors. None of the virulence factors was present in 46 % (57/124) of the total isolates. However, though B2 isolates were few in numbers (10 isolates), all the virulence factors tested were detected in a greater proportion of the B2 isolates as compared with the other phylogroups. A substantial proportion of isolates belonging to phylogroups A and B1 did not possess any virulence factors (Fig. 1) . The only factor that was not identified among any isolates was ibeA.
Antibiotic resistance patterns
Susceptibilities to the five groups of antibiotics were tested. Percentage resistance to an individual antibiotic was very 
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similar among the four phylogroups (Fig. 2) . The only exception was the percentage resistance to amikacin for phylogroup B1 (66 %) in comparison with the others: phylogroup A, 39 %; phylogroup B2, 40 %; and phylogroup D, 36 %.
Factors affecting colonization of the gut with the different phylogroups
Multinomial logistic regression established that colonization with phylogroup A was associated with a stay on the postnatal ward [as opposed to the neonatal intensive care unit (NICU)] and that with phylogroup B1was associated with a stay in the NICU (Table 2 ). Among the same set of possible factors that could influence colonization, it was established that vaginal delivery was the only positively related independent factor for the occurrence of phylogroup B2 and D in the gut samples. None of the other factors tested was significant.
Evaluation of mice after oral administration of isolates phylogroups A, B1, B2 and D
Mice administered E. coli phylogroups A and B1 without any virulence genes presented no symptoms, and were graded as 0 (Table 3) . Mice administered E. coli phylogroups B2 and D without any virulence factors showed mild clinical signs and were graded as 1. Mice administered isolates of phylogroups A and B1 with E. coli virulence genes showed moderate clinical signs (score 2). Mice administered isolates of phylogroups B2 and D with several virulence factors presented maximum clinical changes (score 3) at the time of killing (Table 3 ).
Intestinal histopathology in the different inoculation groups
Changes in the intestinal mucosa after the oral administration of bacteria are shown in Fig. 3 . The specific virulence factors identified in the isolates used in this experiment and the corresponding histopathological changes in the intestinal mucosa are presented in Table  3 . Gut mucosa of uninfected control mice showed normal tall and slender villi with no specific stromal inflammation, and normal crypts. The results showed that presence of virulence genes was consistently associated with loss of normal gut architecture, irrespective of the phylogroup (Table 3, Fig. 3 ).
DISCUSSION
Facultative anaerobes such as E. coli are some of the first organisms to colonize the intestinal tract at birth as the intestinal environment of neonates shows positive oxidation/reduction during this time (Penders et al., 2006) . It is accepted that various host-related factors (e.g. gut morphology, sex, age) and external factors (e.g. ecology, diet) are responsible for determining the pattern of colonization of the gut (Tenaillon et al., 2010) . However, there is a dearth of studies exploring the pattern of E. coli colonization in neonates, particularly in developing countries.
Only one representative E. coli colony was analysed from each neonate. Previous data have shown that there is an 86 % probability that an arbitrarily selected faecal E. coli colony represents the quantitatively predominant clone in the sample (Lidin-Janson et al., 1978) . It has also been established that at any one time, each person commonly carries a predominant strain that constitutes more than half of the colonies isolated (Tenaillon et al., 2010) . Furthermore, in the case of 3-7-day-old neonates (our study population), species diversity is much less than that in an adult and there are also fewer diverse clones within a species. Under such circumstances, we considered that one randomly chosen colony of E. coli would be representative of the majority of E. coli in the specimen.
The major proportion of the strains from the neonatal guts belonged to phylogroups A and B1, which is in accordance with an earlier study in adults that found that commensal human isolates mostly belonged to groups A and B1 B, parameter (regression coefficient); CI, confidence interval; OR, odds ratio. *Statistically significant at P,0.05. DDefined as feeding for at least 72 h with the same feeding tube. Neonates fed with enteral feeding tubes were given expressed breast milk.
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Journal of Medical Microbiology 62 (Duriez et al., 2001) . The composition of E. coli very early in life is thus similar to that in adults. However, the rate of carriage of phylogroups A and B1 differed from the previous study. The percentage carriage of phylogroups A and B1 was similar in the earlier study (Duriez et al., 2001) but differed markedly in our study (phylogroup A, 23 %; phylogroup B1, 49 %). Phylogroup B2 isolates, which are generally associated with neonatal septicaemia, were present in very low numbers in the gut.
In a large proportion of the E. coli isolates, none of the extraintestinal virulence factors tested was detected. This is not unusual for isolates in the gut and corroborates the findings from earlier studies (Duriez et al., 2001) . The higher prevalence of virulence genes in the B2 isolates seen in this study has also been evident in other studies (Johnson et al., 2001; Picard et al., 1999) , reaffirming the virulence of this particular phylogroup. The most prevalent gene in the isolates was iucC; iucC codes for aerobactin, which is required for iron uptake and confers a significant advantage for bacterial growth in conditions of iron stress (Carbonetti et al., 1986) . The gene ibeA, which codes for a factor required for invasion of the brain endothelium, was the only gene that could not be detected in any of the isolates (Huang et al., 2001 ). This gene is associated with E. coli that causes meningitis (Bingen et al., 1998) . As the isolates in our study were of faecal origin, ibeA would be expected to be rarely present. A previous study carried out with E. coli isolated from pregnant women and neonates showed a significant association of the ibeA gene with E. coli from the cerebrospinal fluid of meningitis cases (Watt et al., 2003) . The iucC gene was also found in the earlier study to be associated with isolates from the cerebrospinal fluid, whereas we found a significant prevalence of this gene in faecal isolates. There were similarities between the virulence patterns of isolates within a particular phylogroup. Hence, the possibility of the same clones of E. coli present within the unit cannot be ruled out. However, analysis of clonality was beyond the scope of this study.
A number of factors known to affect colonization and subsequent sepsis and relevant to the neonate (host) were studied. Although diet is an important factor accounting for differences in colonization patterns, this was not considered because all neonates were given breast milk either via breast feeding or when fed with an enteral feeding tube. A stay in the NICU was found to be the only factor that influenced the colonization of the neonatal gut. Neonates in the NICU were significantly (P,0.038) more likely to have phylogroup B1 in their gut, whereas the chance of isolating phylogroup A was significantly (P,0.001) greater in neonates who were not in the NICU. This can possibly be explained by the antibiotic resistance patterns observed in phylogroups A and B1. Phylogroup B1 was found to have a significantly higher resistance to amikacin. As this drug was used as the first line of treatment in the NICU during this period, it is probable that phylogroup B1 isolates were being selected in favour of phylogroup A isolates in the NICU. Phylogroup B1 isolates also possessed the iucC gene in much higher numbers than phylogroup A isolates. The presence of this gene could have provided an added growth advantage to the phylogroup B1 isolates (Carbonetti et al., 1986) . Both these factors could have led to the colonization of the gut with phylogroup B1 isolates. Colonization of E. coli of phylogroups B2 and D was associated with a neonate's delivery by the vaginal route. Studies have shown that the mode of delivery does influence colonization of the gut (Biasucci et al., 2010; Grönlund et al., 1999) . Vaginally delivered neonates come in contact with the maternal flora during birth and hence the chances of isolating phylogroups B2 and D from the gut could be greater.
Histopathological studies were carried out to observe changes (if any) in the guts of neonatal mice with E. coli of Composition of E. coli in the neonatal gut four phylogroups with and without virulence determinants. Studies revealed that the presence or absence of virulence factors in an isolate determined the severity of the effect on the gut mucosa. Hence, mice administered an isolate of phylogroup A with virulence determinants could show similar changes in the mucosa as those administered phylogroup B2 with virulence factors. Of note, the isolates that caused significant changes in the gut mucosa possessed genes encoding cytotoxic necrotizing factor and haemolysin, which could account for the histological changes. However, the presence of multiple genes in an individual isolate precludes confident assessment of causality for a particular gene. Although earlier studies have shown that virulence can often be correlated with the presence of virulence determinants irrespective of the phylogroup (Picard et al., 1999) , no studies have shown the histopathological effect of E. coli organisms on the gut mucosa. This indicates that certain isolates of E. coli might bring about changes in the gut mucosa, ushering the translocation of bacteria from the gut to the bloodstream (O'Boyle et al., 1998).
In summary, this descriptive study of the composition of E. coli in the guts of neonates in a hospital setting in a developing country shows that phylogroups A and B1 are predominant in the neonatal gut. The predominance of phylogroup B1 in the gut of neonates in the NICU compared with those on the ward may be related to the antibiotic commonly administered to sick neonates in the NICU. However, other factors could also be responsible. Although the genetic background (phylogroup) might be important, the presence of specific virulence factors determines the effect on the gut, reaffirming the versatility of this organism. It is now widely accepted that the intestinal microbiota plays an important role in the health and well-being of the host. Microbial colonization of the gut during the early days of life is particularly crucial for the development of the immune system and maintenance of the gut-barrier system. Any further gains in our understanding of the colonization of the gut will assist in developing strategies to improve health. 
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